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A Study on the Curing Bladder Shaping of Tire by Finite Element Method

Using Contact Element

Hang-Woo Kim, Gab-Woon Hwang and Kyu-Zong Cho
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Abstract

In curing process of tire, contact and slip occurs between green tire and curing bladder. The
curing process is a critical step in the manufacture of tires. In this investigation, curing bladder
shaping is examined using a finite element method. Specifically, a finite element model between
the inner part of green tire and the outer part of curing bladder is generated using contact element
and curing bladder is generated using incompressible element. Numerical analyses are performed
on two different bladder types, different overall outer diameters of curing bladder and different
heights of curing bladder. Numerical results show that contact pressure is increased by using
toroidal type of curing bladder, increasing overall diameter and increasing height of curing
bladder. To obtain natural equilibrium carcass line, there is a requirement in increasing contact

pressure of the section between side and bead.
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Fig. 1 Assemblage of green tire and mold before
curing bladder inflation
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Fig. 2 Assemblage of green tire and mold after cur-
ing bladder inflation
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Fig. 3 Finite element model of assemblage of curing bladder and cured tire and mold




(a) (b)

Finite element model for (a) cylinderical
bladder type and (b) toroidal bladder type

Fig. 4
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A=

(a) (b)

Fig. 5 Finite element model for (a) reduced and .
(b) added overall diameter of curing bladder
}__
(a)
Fig. 6 Finite element model for (a) reduced and

(b) added height of curing bladder
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Table 1 Material properties and material model of tire and curing bladder

Curing bladder Cured tire Tire mold
Material model Mooney-Rivlin Linear elastic Linear elastic
Elastic modulus (psi) 186 26.0 Eo6 26.0 E06
Poisson’s ratio 0.5 0.3 0.3
Clo—_—31 .0
Constant (psi — _
onstant (psi) Cor=8.0
Table 2 Finite element model size
R d Added
Cylinderical Toroidal educe € Reduced Added
Model overall overall . )
model model . . height hieght
dia. dia.
Nodes 384 369 349 399 344 394
Elements 86 83 79 89 78 88
D.O. F. 1030 985 925 1075 910 1060
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(b) Toroidal type of curing bladder
Fig. 7 Results of curing bladder shaping

Origin

(b) Reduced overall outer diameter of curing bladder
Fig. 8 Results of curing bladder shaping
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(b) Reduced height of curing bladder
Fig. 9 Results of curing bladder shaping

CONTACT PRESSURE DISTRIBUTION
(CYLINDERICAL AND TOROIDAL MODELS)
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Fig. 10 Results of contact pressure distribution for

cylinderical model and toroidal model
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CONTACT PRESSURE DISTRIBUTION
(OVERALL DIAMETER VARIATION MODELS)
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Fig. 11 Results of contact pressure distribution for
overall diameter variation model
CONTACT PRESSURE DISTRIBUTION
(HEIGHT VARIATION MODELS)
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Fig. 12 Results of contact pressure distribution for
height variation model
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